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An 18-month study (July 2009 – December 2010) was conducted to determine the
influence of four dams located in series along the Perak River, in Malaysia: Temengor,
Bersia, Kenering and Chenderoh dams. The framework for investigation centered around
the Serial Discontinuity Concept (SDC) and the Cascading Reservoir Continuum Concept
(CRCC). In addition to reservoir, tailwater and riverine reach characteristics, the
interacting influences of tributary streams and watersheds were addressed. Variables
included in-situ environmental physical parameters, nutrients, seston concentration and
transport, and fish assemblage characteristics.
In-situ variables, water and seston samples, were recorded/collected monthly from
all four reservoirs, their associated riverine sections, and their primary tributaries. Fish
samples were collected by using experimental gill nets in reservoirs. Fish were
enumerated taxonomically and total length and weight were measured for the bonylipped barb, Osteochilus hasselti (Valenciennes, 1842). Hypotheses were tested using
analyses of variance with permutations. Relationships were determined using correlation,
and multivariate and regression analyses.

The integrated influences of discontinuity and cascading on nutrient and seston
transport dynamics and fish assemblages (except for relative condition and biomass of O.
hasselti) were operative in dynamic juxtaposition along the river’s continuum, and
depended on distance between dams and presence and size of tributary streams.
However, principal tributaries along the four serial dams in the Perak River appeared to
have little spatial influence on their respective system’s nutrient and seston dynamics due
to dilution effects of mainstem discharges. Among all tributaries, only the Rui River
depicted reversal of the serial discontinuity trend in its system. Even so, its influence on
its system was limited.
Effects of ecosystem fragmentation along the river’s continuum on in-situ,
nutrients and seston transport dynamics, and fish assemblages existed, but not necessarily
in line with the SDC nor in line with the CRCC. The dynamics of in-situ, nutrient, seston
and fish assemblage parameters were more associated with land use, reservoir surface
area and dam discharge.
Results from this study generated a hypothesis that submerged woody vegetation
in the reservoirs may augment and compensate lost nutrients, thereby minimizing
functional impacts of serially-arranged dams.
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CHAPTER I
INTRODUCTION AND JUSTIFICATION

1.1

Influence of impoundments on stream ecosystems
The River Continuum Concept (Vannote et al. 1980) states that structural and

functional characteristics of stream communities are adapted to conform to the most
probable or mean state of the physical system. However, physical variables within a river
system present a gradient of environmental parameters, which in turn elicit a series of
responses by stream biota along the length of a river. These responses reflect patterns of
biotic adjustment to organic matter loading, transport, utilization, and storage. From the
headwaters, dependency of the system on allochthonous input for nutrient and organic
materials decreases whereas dependency on autochthonous input increases downstream
as stream size increases. However, heterotrophic processes that depend on allochthonous
as well as autochthonous inputs also may exist in large rivers. In the Riverine
Productivity Model, Thorp and Delong (1994) suggested that allochthonous input from
the riparian zone and autochthonous production are equally important in the food web of
large rivers because the allochthonous input is easily assimilated by heterotrophs.
Dams alter stream hydrology and fluvial processes. Their influence may be
cumulative in systems having multiple dams in series (Barbosa et al. 1999; Jackson and
Marmulla 2001; Stanford and Ward 2001). These cumulative effects can alter nutrient
dynamics throughout the system and can affect fisheries in downstream reservoirs
1

(Welcomme 1985), river channels (Hess et al. 1982), and estuary and marine
environments (Ryder 1978). While changes in water retention time may influence
production of plankton in the reservoir and downstream nutrient levels, distance between
two dams is also influential (Barbosa et al. 1999), and may ultimately influence fish yield
at a system’s level (Jackson and Marmulla 2001; Stanford and Ward 2001). Tolmazin
(1979) related the reduction in fish yields in the Black Sea and the Sea of Azov to
impoundments on the Danube, Dnieper, and Dniester rivers in Europe. These reflect
orientations of Welcomme (1985), Hess et al. (1982), and Ryder (1978), who suggested
that impoundments act as nutrient traps.
In the Serial Discontinuity Concept (SDC), which was proposed by Ward and
Stanford (1983), extended by Ward and Stanford (1995a), expanded into the Cascading
Reservoir Continuum Concept (Barbosa et al. 1999), and subsequently revisited by
Stanford and Ward (2001), man-made dams are viewed as pervasive agents of
disturbance and especially as discontinuities within the river continuum. In this concept,
biophysical responses were predicted in terms of ‘discontinuity distance,’ (the upstream
or downstream shift of a variable induced by regulation) and by ‘parameter intensity,’
(extent of departure from reference condition) (Figure 1.1). Stanford and Ward (2001)
also proposed that rivers have a natural tendency to reset ecological conditions toward
reference conditions as distance downstream from a dam increases.
Many studies have been conducted on biophysical gradient changes associated
with pre- and post-impoundment. Relatively few studies have explicitly tested the
predictions outlined in the original SDC.

2

The SDC was tested by Palmer and O’Keeffe (1990), who focused on chemistry
in pristine and polluted stretches of the Buffalo River in South Africa. In their study, the
downstream effects of impoundments that received water from a near-pristine upper
catchment were consistent with the SDC. However, the recovery was related to river
discharge. In impoundments that received agricultural runoff and urban effluent, they
found that water quality improved downstream. In impoundments with polluted inflows
(e.g., from tributaries), they found that the inflows seemed to “reset” the river towards
reference condition, thereby reversing the SDC (Figure 1.2).
Barbosa et al. (1999) addressed the SDC in their study of a series (cascade) of
seven reservoirs in the middle Tietê River in southeastern Brazil. In summarizing their
study they stated, “The biologically non-affected variables (e.g., suspended matter)
changed rapidly in the upstream reservoirs and then remained constant, while biologically
affected ones (e.g., chlorophyll a, nitrogen and phosphorous compounds) showed a
prolonged response that can be explained only if considering the cascade as an entire
system”. They subsequently proposed the Cascading Reservoir Continuum Concept
(CRCC).
Stanford and Ward (2001) substantiated SDC predictions in nine of twelve river
systems they studied. Two cases showed that recovery trajectories were overwhelmed by
other human disturbances; and only one case did not reflect predictions by the SDC.
Rice et al. (2001), suggested a new model (Link Discontinuity Concept – LDC)
that stressed the importance of hydrological and sedimentological networks for
organizing lotic fauna. The LDC model emphasized the discontinuous nature of lotic
ecosystem gradients and addressed the importance of tributaries in unregulated and
3

regulated rivers. Rice et al. (2001) stressed the fact that there is limited recognition of
tributary influences in the River Continuum Concept. In the SDC model, the LDC model
can be applied if there are polluted inflows that may cause “reset” phenomena indicating
reversal of the SDC model.
Strong relationships have been observed between land use and nutrient export
(e.g., phosphorus and nitrogen) (Peterjohn and Correll 1984; Lawrence et al. 1985;
Osborne and Wiley 1988; Kronvang et al. 1999; Behrendt and Opitz 2000). Greater
exports of nitrite, nitrate and orthophosphate have been observed in agricultural and
urban catchments than in forested catchments (Johnson et al. 1997). The study by
Johnson et al. (1997) in central Michigan revealed that land use characteristics and season
played major roles in water chemistry. While there were strong seasonal differences
observed in total nitrogen, nitrite and nitrate, both seasonal influence (summer and fall)
and landscape factors accounted for much of the variation in total dissolved solids and
alkalinity. During fall, geological factors, the collective influences of landscape/geology
structure, and land use exerted more influence than did land use alone.
1.2

The influence of dams on fisheries
Dams not only alter the natural flow dynamics of a river, they also can influence

free movement of fishes from upstream to downstream and vice versa. Slawski et al.
(2008) found that in the upper Des Plaines River (Illinois), multiple low-head dams on
the main stem had a cumulative detrimental effect on fish species diversity. In Malaysia,
Khoo et al. (1987) and Ali and Kadir (1996) reported that declining catch of
Thynnichthys thynnoides from 1971 to 1978 was attributed to construction of dams on the
Perak River system.
4

Dams also have resulted in development of tailwater fisheries (Jackson and
Marmulla 2001). In the Tennessee-Tombigbee Waterway (Mississippi) Marler and
Jackson (1994) found that relative abundance of largemouth bass (Micropterus
salmoides) was greatest in tailwaters compared to the other riverine sections of the
Tennessee-Tombigbee Waterway. In a separate study, Jackson (1995) found that catch
per unit effort (CPUE) for blue catfish (Ictalurus furcatus) was greater in tailwaters than
in bendways (old river channels) and navigation channels. In another study, Jackson and
Dillard (1993) reported that fishing effort was greater in tailwaters than in bendways and
navigation channels. Boschung (1987) reported that blue catfish standing stock in the
Tennessee-Tombigbee Waterway increased over 5,000% following completion of the
waterway, and classified blue catfish as a common and abundant species. One of the
reasons for this was related to elevated production or concentration of forage fishes and
exotic bivalve molluscs in the tailwater.
According to Jackson et al. (1991), tailwater influences on fisheries tend to extend
only a few kilometers below the dam because tailwater productivity is due primarily to
seston (e.g., plankton) transport from the upstream reservoir. In Aberdeen and Columbus
tailwaters, Tennessee-Tombigbee Waterway, tailwater influences on fisheries extended
only about 4 km downstream (Sarnita 1991; Jackson and Dillard 1993; Marler and
Jackson 1994; Jackson 1995). In the Coosa River tailwater below Jordan Dam
(Alabama), tailwater influences on the fisheries also extended only 4 km downstream
under low flow regimes, but nearly 15 km downstream under high flow regimes (Jackson
and Davies 1988a, 1988b; Jackson et al. 1991).

5

The Perak River (Malaysia) is a fragmented tropical river-reservoir system (sensu
Dynesius and Nilsson 1994). The four dams placed in series along the Perak River’s
continuum provide opportunity for determining applicability of the SDC (Stanford and
Ward 2001) and its conceptual congener, the CRCC (Barbosa et al. 1999).
Since the 1970’s, most studies conducted in the Perak River have focused on
Temengor Reservoir, the most upstream reservoir in the series. Several of the earlier
studies were not published due to national security reasons at that time. More recent
studies include physico-chemical or water quality analyses (Ismail and Sabariah 1995;
Hashim 1998; Md. Repin 2002; Sukah 2002; Berryhill 2003; Abu Bakar 2004; Hashim et
al. 2004; Hashim 2006), fish assemblages (Ismail and Sabariah 1995; Mohd. Akhir 1999;
Berryhill 2003; Hashim et al. 2004), and aquatic insects (Grinang 1998; 2000; Sahari
2002), which were conducted in Temengor Reservoir and its water catchment areas.
1.3

Research justification
Southeast Asia is replete with dams and more are planned. It is important that

there be understanding of how dams, especially dams in series along a river continuum,
influence these tropical rivers in terms of water chemistry and physics, nutrient transport,
and the myriad biological interfaces. Additionally, and because each system has unique
characteristics in terms of watersheds and tributary stream complexes, understanding the
dynamics of Southeast Asian river systems must incorporate these variables.
My study is based on several working hypotheses. Fundamentally I was
interested in determining the extent to which the reservoirs operate as nutrient traps along
the river continuum, and whether they are discrete units subject to mitigating (reset)
influences from tributary streams, discharge regimes from the dams, and land use
6

practices. Ultimately, and as a fisheries biologist, I wanted to know whether differences
along the continuum (if any) were reflected in characteristics of fish extant in the system.
If the Perak River system followed the SDC, I anticipated recovery (and perhaps
even increases) of measured parameters such as nitrogen and phosphorous compounds
and seston concentration along the river continuum, especially if tributaries entered
respective segments of the river along the continuum (recognizing also that the tributaries
reflected characteristics of their own sub-catchment watersheds). Such
recovery/augmentation from upstream to downstream could be further evidenced by
maintenance or increases in conductivity, total dissolved solids, and the general
wellbeing of fishes.
If, on the other hand, the Perak River system followed the CRCC, I would
anticipate major reduction in seston concentration, and in nitrogen and phosphorous
compounds in the more upstream sections of the continuum (probably immediately
downstream from Temengor Dam), and little if any recovery downstream through the rest
of the system. Tributary streams would have minimal influence as reset mechanisms.
Conductivity and total dissolved solids would remain stable or, more probably, be
diminished upstream to downstream as water cleared and there was increased uptake of
materials by plankton and periphyton. The general wellbeing of fish in the system would
probably reflect these changes.
Finally, I recognized (as a null hypothesis) that the dams along the Perak River
might not have any influence at all on the physical, chemical and biological
characteristics that I measured. Considering the relatively large size of the reservoirs and
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the type of discharges from the dams (hydropower peaking), I didn’t anticipate that this
would be the case, but I was prepared to accept it if the evidence pointed in that direction.
1.4

Objectives
The overall goal was to determine if chemical, physical and biological descriptors

of the river ecosystem change in association with reservoirs and dams located along the
continuum of the Perak River, upstream to downstream (Figure 1.3). My objectives, with
respect to this river continuum were:
•

To describe nutrient and seston transport dynamics, fish assemblages and
biomass.

•

To determine if principal tributaries along the continuum maintain or
augment nutrient and seston transport dynamics.

•

To determine if watershed characteristics and hydrology (dam discharge)
are associated with nutrient and seston transport dynamics, fish
assemblages and fish biomass.
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Figure 1.1

Serial discontinuity concept as proposed by Stanford and Ward (2001)
(redrawn) that was used to address the limnological influences of dams
placed in series along the Perak River, Malaysia.

9

Figure 1.2

Reversal serial discontinuity concept due to polluted inflow ‘reset’ as
proposed by Palmer and O’Keefe (1990) that was used to address the
limnological influences of dams placed in series along the Perak River,
Malaysia.
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Figure 1.3

Conceptual model of interactive elements in the Perak River that were
addressed in this study.

Note: Pathways of influence of one trophic level to another. Both environmental and
discharge characteristics influence nutrients and seston content in the system, while at the
same time, the seston production (e.g., phytoplankton) also depends on nutrient
availability and limitations. Both nutrients and seston are consumed by planktivorous
species (lower trophic level consumer) for their biological energy needs. Planktivorous
species are consumed by piscivorous fishes (higher trophic level consumer) as forage. At
each trophic level there are recycle pathways (shown by thick arrows), which reflect
decomposition processes or predation.
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CHAPTER II
MATERIALS AND METHODS

2.1

Study area: Perak River
This study encompassed a series of four impoundments arranged in series along

the Perak River, Malaysia : Temengor, Bersia, Kenering and Chenderoh. Sampling was
conducted at a watershed scale of resolution from the Gadong River in Temengor
Reservoir, downstream to Chenderoh Reservoir (ca. 136 river km). Brief descriptions of
all four impoundment systems are summarized in Table 2.1.
2.2

Sampling design, sampling point selection and research components
The study was conducted from July 2009 to December 2010, during which I

conducted 15 sampling excursions (once monthly). During each excursion, I conducted
sampling on each reservoir system. To determine trends for in-situ, nutrients and seston
transport dynamics along the reservoir systems, and also regarding tributary associations,
a systematic sampling design was applied by locating sampling points (i.e., river km
numbers) at 2-km intervals along the main river in all systems (Figure 2.1). In tributaries,
water and seston samples were collected at a station located 1-km upstream from the
convergence with the respective reservoir and/or at the river mouth area. This method
ensured that all readings and samples represented the tributary without direct influence
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from the reservoir. At each sampling point, two in-situ readings, water samples, and
seston samples were collected and preserved in the field.
In each system, numbering of river km started in a downstream direction from the
safe tailwater area below the respective dam, except for the Temengor system, that
started from the river mouth of the Gadong River. By using a handheld GPS (Global
Positioning Unit: Garmin etrex), each river km was coded and saved into the GPS with
the respective system’s initial (i.e., ‘T’ for Temengor, ‘B’ for Bersia, ‘K’ for Kenering
and ‘C’ for Chenderoh), and river km number. Two kilometer intervals were determined
by using the trip’s odometer from the starting points (i.e., river mouth and safe tailwater
area below the respective dam) toward the system’s dam. At the beginning of each
system, river km number was calibrated to zero.
Sampling stations for tributaries were named after the tributaries’ name with a
code number ‘1’ or ‘2’ to differentiate the two locations (i.e., ‘1’ = tributary mouth; ‘2’ =
1 km upstream). In Temengor Reservoir, selected tributaries were the Kedah, Rokan and
Telang rivers. In the Bersia system, there is only one primary tributary, the Air Rengat
River. This tributary, which flows directly into the mainstem of the Perak River, is
shallow and its accessibility is limited to 100 m upstream from the convergence.
Therefore, a sampling point to represent this tributary was located within this distance. In
the Kenering system, there was also only one primary tributary, the Rui River. This
tributary flows directly into the mainstem of the Perak River. The 1-km method was used
to locate a sampling point at the confluence. This sampling point was the only sampling
point in this tributary. In the Chenderoh system, there were two major tributaries, the
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Kendering and Temelong rivers. Sampling points in these two tributaries were selected
by using the method used for the Air Rengat River.
Due to changes in water level, dam and tributary discharges, and accessibility, the
actual location of sampling points for tributaries varied on occasion. This was done to
ensure that the data and the samples taken represented the respective tributary without
influence from the reservoir or the mainstem of the Perak River.
2.2.1

In-situ parameters
In-situ parameters, which include physical parameters (e.g., conductivity, water

temperature and total dissolved solids), were recorded by using a conductivity meter
(Hach, CO150) and later replaced by a multi-probe meter (YSI 556 MPS), whereas a
Secchi disc was used to assess water transparency and recorded as Secchi disc depth. All
handheld meters were calibrated regularly as per manual to ensure that the data were
valid and correct.
2.2.2

Nutrients
Ortho-phosphate (PO4-P) and nitrate-nitrogen (NO3-N) were measured by using a

calorimetric method (Boyd 1990). At each sampling point, two water samples were
collected from the euphotic zone and labeled accordingly. Samples were then placed in a
container (containing ice), and transported back to the laboratory for analyses.
2.2.3

Seston
A 65 µm mesh plankton net was used to collect seston (Brower et al. 1998). Two

samples of 105 L of water (from the euphotic zone) were filtered through the plankton
net by using a 7 L bucket. Samples were then preserved in the field with a solution of 5%
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formalin and labeled (Rabeni 1996). In the laboratory, after weighing the glass
microfiber filter paper (2.7 µm pore size) (W1), samples were filtered, dried at 60°C for
24 hours, and then transferred into a vacuum dessicator before being weighed (W2) at
room temperature. Seston biomass per volume was calculated by subtracting W1 from
W2, divided by 105 (volume filtered), and expressed as mg/L (Harris et al. 2006).
2.2.4

Fish assemblages
Six sets of experimental gill nets (250 cm vertical length x 2,976 cm total width)

with five different stretch mesh size (10 cm; 7.5 cm; 6.5 cm; 5 cm; 3.7 cm) were
deployed randomly in each system’s reservoir and soaked overnight (Hubert 1996). All
captured fishes were placed in plastic bags (also containing ice) according to
experimental gill net set and mesh size, labeled and placed in a container (containing ice),
and transported back to the fish laboratory at the Universiti Sains Malaysia for
measurements and biomass analysis. In the laboratory, all fishes were identified based on
taxonomic keys by Mohsin and Ambak (1991), Kottelat et al. (1983) and Rainboth
(1996). Species identifications were confirmed by Dr. Amir Shah Ruddin Md. Shah from
the School of Biological Sciences, Universiti Sains Malaysia.
Sample sizes for calculating fish assemblage diversity and evenness were
determined based on the first six months mean and standard deviation values for total
catch data using the formula: N = t2(∞, 0.05) (CV)2/D2, where N = sample size, t(∞, 0.05) =
1.96, CV = coefficient of variation = (standard deviation / mean), and D = acceptable
error (%) (Hansen et al. 2007). Sample size was calculated separately for each system.
Based on the above formula, sample sizes needed for each system with 10% acceptable
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error were 356, 197, 316 and 214 fish for Temengor, Bersia, Kenering and Chenderoh
systems, respectively.
In this study, Osteochilus hasselti (Valenciennes, 1842), (which feeds mainly on
plankton and periphyton) was selected as the indicator fish species because it was the
most abundant fish throughout all of the systems and was vulnerable to capture during
both seasons (wet and dry). To address conceptual elements pertaining to fish and
fisheries in the systems (Figure 1.3), relative condition and biomass of this species
reflected its general wellbeing and served as dependent variables, whereas environmental
variables (in-situ, nutrient and seston variables) served as independent variables.
From field and laboratory data, variables such as number of species, number of
families, Shannon-Wiener diversity and evenness indices, b-values of weight-length
relationships, and relative condition factor (Kn) of O. hasselti were determined and
calculated. For fish biomass analysis, a code number was given and attached to the body
of each individual to prevent misidentification and data error.
2.2.4.1

Indices
Shannon-Wiener diversity and evenness indices were calculated as outlined by

Krebs (1999). Weight-length relationship and relative condition factor (Kn) for the
selected fish species (O. hasselti) were calculated as outlined by Pope and Kruse (2007).
Weight-length relationship (W=aLb) for O. hasselti was regressed separately by system to
determine the b-value for each system. Greater b-value generally indicates a healthy
system, indicating better aquatic environment and food chain supplies compared to a
smaller b-value. A general species-specific weight-length relationship representing the
Perak River also was regressed to enable relative condition factor (Kn) comparisons
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among systems. These indices were calculated to determine if the dams and associated
reaches have any direct associations on fish assemblages and population characteristics.
2.2.4.2

Data selection
O. hasselti individuals within a total length 14.0 – 14.9 cm or ‘T14’ and 15.0 –

15.9 cm or ‘T15’ were selected for length-specific relative condition factor (Kn) and
biomass comparisons and trend determination among/along the systems. Individuals in
these total length groups were the most abundant and evenly distributed fish among the
dams. However, all individual data of O. hasselti were used for Pearson correlation and
redundancy analysis. In Pearson correlation, individual relative condition factor (Kn) and
biomass were grouped by total length (e.g., 1.0 – 1.9 cm, 2.0 – 2.9 cm) and system.
Mean relative condition factor (Kn) and biomass then were calculated for each system’s
length groups. The mean values then were paired with their respective system’s mean insitu, nutrient, seston and hydrology parameters, reservoir surface area, and forest area for
correlation analyses. In redundancy analysis (RDA), all individual relative condition
factor (Kn) and biomass data also were paired with their respective in-situ, nutrient,
seston and hydrology parameters based on sampling date.
2.2.5

Fish biomass (dry weight)
Specimens were kept frozen (< -20 °C) in storage until analysis took place. For

analysis, each individual fish was placed on a piece of aluminum foil and then dried at 60
– 65 °C for a minimum of 24 hours. This is in accordance with guidelines by Magoulick
and Lewis (2002) who recommended that temperatures not exceed 80 °C to avoid loss of
lipids. For larger specimens, the drying process was extended up to 48 hours, with 1217

hour interval checks for moisture, until all moisture was removed. Samples were then
transferred into a vacuum dessicator for one hour before being weighed at room
temperature. Dry weight data were recorded according to the code number given.
2.3

Rainfall and seasonal determination
Monthly rainfall data for 10 years were provided by the Malaysian Meteorology

Department based in Kuala Lumpur. Cluster analysis was conducted to group all 12
months from 10 years of data into two clusters: dry and wet seasons. Cluster analysis
was performed by using the Euclidean distance method and UPGMA (un-weighted pairgroup method using arithmetic averages). Based on 5 years and 10 years of data, the wet
season months were March, April, May, September, October and November, and the dry
season months were December, January, February, June, July, and August. In analyses
involving seasonal association, a code number was given to represent wet (“1”) or dry
(“2”) season.
2.4

Data for dam discharges
Water discharge data for Temengor, Bersia and Kenering dams were provided by

TNB Hidro Sdn. Bhd. (a subsidiary government agency that responsible in managing
hydroelectric dams and generating hydroelectric energy). Data provided were daily total
discharge (Q) from July 1, 2009 to December 31, 2010. Water discharge data from the
dams were paired with their respective immediate downstream data because downstream
water quality was assumed to be associated with upstream water discharge. Therefore,
there were no water discharge parameters for the Temengor system because the
Temengor system is the Perak River’s most upstream system. Hydrology parameters
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calculated from these data included mean dam discharge (Qmean) from July 1, 2009 to
December 31, 2010, Qexact (total volume of dam discharge during the sampling day),
Qb4 (total volume of dam discharge one day before the sampling day) and meanQ30
(mean volume of dam discharge 30 days before the sampling day). Qmean was used in
correlation analysis whereas Qexact, Qb4 and meanQ30 were used in redundancy and
regression analyses.
2.5

Land use
Land use data from the Gadong River to Chenderoh Dam were acquired by using

digitized sub-catchment area, associated shapefiles (i.e., Perak River and Perak land use)
and topographic maps in Geographic Information System software (ArcGIS 9.2). In the
ArcGIS 9.2, the topographic maps of Perak, Perak sub-catchment and Perak land use
shapefiles were imported and opened. All sampling points from the Gadong River to
Chenderoh Dam were inserted to ArcGIS manually by locating each sampling point on
the Perak topographic map. Determination of sampling point locations on digitized
topographic maps was conducted manually because the projected sampling points
mistakenly appeared in Kenyir Reservoir, in the adjoining state of Terengganu. By
activating the Perak sub-catchment layer, each sub-catchment layer was numbered by
using the field calculator in the attribute table. The Perak sub-catchment layer then was
intersected (Arc Toolbox/Analysis Tools/Overlay/Intersect) with the Perak land use layer
to produce land use for each sub-catchment. The attribute table for this new layer then
was exported to Microsoft Excel. Sub-catchments for each system were assigned by
selecting adjacent sub-catchments along the path of the sampling points. In Microsoft
Excel, total area for each land use type was summed by system. There were 16 land use
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types available. However, I only used total forested area (the exact value) to represent
land use data. Total forested area (i.e., natural forest) was used because the area
surrounding the dams and their respective reservoirs was originally a pristine forest.
Therefore, any development for agricultural, urbanization and residential purposes in the
area typically reduced the total forested area. Percentage of total forest area in subcatchments adjacent to the Temengor, Bersia, Kenering and Chenderoh systems were
94.36%, 81.17%, 64.84%, and 35.06%, respectively.
2.6
2.6.1

Statistical analyses and interpretations
Trend determination and serial dam associations on in-situ, nutrient and
seston transport dynamics, and fish assemblages and population
characteristics
Means and standard errors of water temperature, conductivity, total dissolved

solids, water transparency, ortho-phosphate (PO4-P), nitrate-nitrogen (NO3-N), seston, bvalues from weight-length relationships, relative condition factor, and biomass of O.
hasselti (T14 and T15), and total number of fish species, total number of families, and
Shannon-Wiener diversity and evenness indices were calculated by system. Values then
were plotted against reservoir systems to ascertain trends along the Perak River. Plotted
trends then were compared to the theoretical trend of serial discontinuity to confirm or to
reject its applicability. Plotted trends were also observed to determine cumulative
influence of serial dams.
Permutation ANOVA was conducted to determine if significant differences
existed among systems (i.e., to determine statistically the presence or absence of serial
discontinuity influence), and between wet and dry seasons. Serial discontinuity
associations on parameters were considered absent if a linear horizontal trend existed or
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if comparisons among the four systems indicated insignificant differences (SPSS version
19.0 for Windows).
Weight-length relationships of O. hasselti were tested for slope similarities by
using ANCOVA (SAS software version 9.2 for Windows – SAS Institute Inc.). LogW =
LogTL + reservoir + reservoir*LogTL [with W = weight (g), TL = total length (cm)] was
applied as the model with ‘reservoir’ as a dummy variable that represents potential
effects on weight and ‘reservoir*LogTL’ as an interaction term (Pope and Kruse 2007).
Both dummy and interaction terms served as covariate variables.
2.6.2

Principal tributary associations on respective system’s in-situ, nutrient and
seston transport dynamics
Permutation ANOVA was conducted to ascertain differences between sampling

points above and below the confluence of respective primary tributaries, and to determine
the association of primary tributaries on nutrient and seston transport dynamics.
Parameters included in this analysis were water temperature, conductivity, total dissolved
solids, water transparency, ortho-phosphate (PO4-P), nitrate-nitrogen (NO3-N), and
seston.
2.6.3

Environmental and hydrology associations on in-situ, nutrient and seston
transport dynamics, and fish populations
Pearson correlation was conducted to determine relationships between

environmental [i.e., surface area (km2), forest area (%)] and hydrology characteristics
[i.e., Qmean (m3)], and in-situ, nutrients, seston, fish assemblages [i.e., total catch, bvalues and relative condition factor (Kn)] and biomass parameters (SPSS version 19.0 for
Windows).
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Redundancy analysis (RDA) was conducted to determine interactions between
relative condition factor (Kn) and biomass of O. hasselti and in-situ, nutrients, seston,
and hydrology parameters (i.e., Qexact, Qb4 and meanQ30) (Canoco software version 4.5
for Windows by Biometris – Plant Research International, Wageningen, The
Netherlands). The RDA was selected over Canonical Correspondence Analysis (CCA)
based on linear relationship assumptions between relative condition factor and biomass,
and in-situ, nutrient, seston and dam discharge parameters. By using RDA results, key
variables associated with relative condition factor and biomass were determined. In this
analysis, relative condition factor (Kn) and biomass parameters served as biological
variables, whereas the other parameters served as environmental variables. RDA was
conducted by using Canoco software.
Regression analysis was conducted to determine key variables influencing relative
condition factor (Kn) and biomass of O. hasselti. In this analysis, all 960 sets of
individual data for O. hasselti were numbered and paired to the respective system’s
independent variables (i.e., in-situ, nutrient, seston, Qexact and Qb4) by sample date.
Standardized principal component analysis (PCA) was conducted on these
independent variables to equalize each variable’s variance, to reduce number of variables,
and also to create new uncorrelated variables (i.e., the principal components) for
regression analysis (Canoco software version 4.5 for Windows by Biometris – Plant
Research International, Wageningen, The Netherlands). Three principal components
were chosen because variances added by further principal components were relatively
low. Total variance explained by these three principal components was 81.7%.
Correlation coefficients between each dependent variable and the principal components
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were noted for further evaluation of principal components in regression analysis. Scores
for each principal component were then paired to their respective dependent variables.
Paired data were separated by dependent variables and for regression analysis. A linear
regression was then conducted by using ‘PROC REG’ with stepwise selection method to
determine the best model. Estimated parameter values were used to determine the most
influential principal component (SAS software version 9.2 for Windows – SAS Institute
Inc.).
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Table 2.1

General description of Perak River (Malaysia) reservoirs [adapted and
modified from Dahlen (1993), Ali (1996) and Bu and Seng (1997)].

Feature

Temengor

Bersia

Kenering

Chenderoh

1977

1983

1984

1930

Hydro
power
flood
control

Hydro
power
flood
control

Hydro
power
flood
control

Hydro
power
flood
control

248

141.5

111.3

45

Surface area (km2)

152

6

40

21

Mean depth (m)

40

10

15

9

Volume (×106 m3)

6,050

57.7

352

95

Normal draw down
(m)

10

1.5

3

1

Year completed
Function
Maximum supply
level (m)

24

Figure 2.1

Schematic of the serial arrangement of dams along the Perak River,
Malaysia.

Note: All systems had many tributaries. However, only principal tributaries were
addressed. The number of tributaries in this figure is a generalized schematic.
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CHAPTER III
RESULTS

3.1

Trend determination and serial dam associations on in-situ, nutrient and
seston transport dynamics, and fish assemblages and population
characteristics
Significant differences (P<0.05) for permutation ANOVA among the four

systems and/or absence of linear horizontal trends in Figure 3.1 –Figure 3.14 indicated
that serial discontinuity may be associated with nutrient and seston transport dynamics,
the fish assemblages and fish biomass along the river’s continuum. Among all variables
analyzed, only relative condition factor (Kn) and fish biomass of T14 and T15 of O.
hasselti did not differ significantly (P>0.05) among the four systems.
However, among environmental variables, only water temperature within the
Bersia and Kenering systems reflected serial discontinuity (Figure 3.15). This
underscores hydrological changes along the Perak River from lotic to lentic
environments. While asymptotic-like trends indicate lentic environments, the lesser
mean temperature trends indicate lotic environments. On the other hand, the acute
decrement trends indicate discharge of hypolimnion water through the upstream dam.
Among all measured parameters, only water transparency had a continuously
decreasing trend from the Temengor system all the way downstream to the Chenderoh
system (Figure 3.1 – Figure 3.5). On the other hand, nitrate-nitrogen and seston showed
increasing concentration trends in downstream direction (Figure 3.6; Figure 3.7).
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Fluctuating trends upstream to downstream for the other variables (Figure 3.8 –
Figure 3.14) indicate the associations of each dam. These trends may have reflected
primary tributary associations, nutrient sources (allochthonous and autochthonous
inputs), and the respective system’s characteristics such as riverine environment, depths,
and upstream dam discharges.
Permutation ANOVA indicated that water temperature, conductivity, water
transparency, ortho-phosphate and nitrate-nitrogen were associated significantly (P<0.05)
with seasons. The interaction term between systems and seasons showed that only water
transparency, ortho-phosphate and nitrate-nitrogen differed significantly (P<0.05),
indicating that seasonal trends of these parameters fluctuated in different manners.
Significant differences (P<0.05) of covariate variables in ANCOVA indicated that
the linearized regression line of the weight-length relationships among the systems
differed. The significant interaction term (P<0.05) indicated that these lines were
intersected by each other at certain lengths. These results suggest that O. hasselti in all
four systems gain weight at different rates as they increase in length.
3.2

Principal tributary associations on respective system’s in-situ, nutrient and
seston transport dynamics
Permutation ANOVA indicated that tributaries had limited associations on the

respective system’s in-situ, nutrients and seston transport dynamics. Out of seven
tributaries analyzed, only Rui and Kendering rivers had significant (P<0.05) association
with environments above and below convergence with the Perak River. The Rui River
affected conductivity, total dissolved solids and seston in the Kenering system whereas
the Kendering River only had associated effects on seston in the Chenderoh system. In
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the Kenering system, means (± standard errors) of conductivity, total dissolved solids and
seston increased from 36.61 ± 0.37 µS/cm, 21.43 ± 0.60 mg/L and 0.25 ± 0.05 mg/L
before the convergence to 48.70 ± 1.81 µS/cm, 28.03 ± 1.38 mg/L and 1.40 ± 0.52 mg/L
after the convergence (Figure 3.16 – Figure 3.18). Means (± standard errors) of
conductivity, total dissolved solids and seston in the Rui River were 115.38 ± 19.20
µS/cm and 69.07 ± 13.34 mg/L, and 9.97 ± 12.59 mg/L, respectively. In the Chenderoh
system, mean (± standard error) seston increased from 0.09 ± 0.02 mg/L above the
convergence to 1.30 ± 0.42 mg/L below the convergence (Figure 3.19). Mean
(± standard error) seston in the Kendering River was 1.97 ± 0.94 mg/L.
In the Kenering system, shifts in conductivity, total dissolved solids and seston
due to Rui River associations indicate reversal of serial discontinuity trends (sensu Figure
1.2) suggesting dilution and mixing processes in the post-convergence area. However, in
the Chenderoh system, increased seston concentration below the convergence of the
Kendering River does not indicate reversal of serial discontinuity trends. There were
either insufficient influential effects to develop the reversal of serial discontinuity trend
and/or the mainstem of the Chenderoh system has overwhelming associations on seston
dynamics. The insignificant differences (P>0.05) between before and after tributary
convergence for other tributaries indicated that these tributaries had little influence on
their respective system’s nutrient and seston dynamics.
3.3

Environmental and hydrology associations on in-situ, nutrient and seston
transport dynamics, and fish populations
Pearson correlation suggests that there were environmental (i.e., surface and

forest area) and hydrology (i.e., mean dam discharge) associations with in-situ, nutrient,
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seston and fish assemblages parameters. However, these associations were not
necessarily significant. Fish biomass, on the other hand, was not associated with these
environmental and hydrology characteristics (Table 3.1). The only significant (P<0.05)
correlations were between total catch and reservoir surface area (r = 0.97), water
transparency and percentage of forest area (r = 1.00), nitrate-nitrogen and percentage of
forest area (r = -0.98), seston and percentage of forest area (r = -0.95), and relative
condition factor (Kn) and meanQ (r = -0.31).
Reservoir surface area (km2) and associated forest area (%) were strongly
correlated to water temperature (r = 0.91), total dissolved solids (r = -0.44; -0.82), water
transparency (r = 0.59;1.00), nitrate-nitrogen (r = -0.53; -0.98), seston (r = -0.44; -0.95)
and total catch (r = 0.97; 0.68) (Table 3.1). These results suggest that forests reduced
nutrient loadings into the water body and enhanced water transparency for primary
production. Strong correlation between reservoir surface area and water temperature is a
function of daylight heating process on the epilimnion layer. Strong correlations between
reservoir surface area and total dissolved solids, water transparency, nitrate-nitrogen and
seston indicate dilution associated with the respective reservoir’s volume. Fishes were
relatively more abundant in systems having a more forested watershed, and in reservoirs
with large surface areas. In summary, macro-scale landscape characteristics suggested
association effects on in-situ parameters, nutrients, seston transport and fish assemblage
dynamics along the Perak River.
Mean dam discharge (i.e., Qmean) was strongly correlated to all parameters
except conductivity, fish relative condition factor, and fish biomass (Table 3.1).
However, these correlations were not significant (P>0.05). Mean dam discharge was
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positively correlated to total dissolved solids (r = 0.41), nitrate-nitrogen (r = 0.99), and
seston (r = 0.99). Conversely, mean dam discharge was negatively correlated to water
temperature (r = -0.42), water transparency (r = -0.94), ortho-phosphate (r = -0.52), and
b-value for fish weight-length relationship (r = -0.95). These correlation values, which
involved most parameters, indicated that dam discharge may play an important role in
regulating the dynamics of in-situ, nutrient, seston and fish assemblage parameters in
integrated systems subject to serial discontinuity.
Relative condition factor and fish biomass, were weakly associated with dam
discharge variables (e.g., Qexact, Qb4 and meanQ30). Redundancy analysis (RDA)
(n=536, P<0.05) indicated that relative condition factor was located on Axis 2, whereas
fish biomass was very near the origin (Figure 3.20). In addition, redundancy analysis
also suggested that relative condition factor was weakly associated with ortho-phosphate,
conductivity, water transparency and seston (N = 960, P<0.05). The latter four
parameters also were slightly associated with fish biomass (Figure 3.21). Slight
association effects of all other parameters with relative condition factor and fish biomass
were probably due to the fact that the dynamics of those parameters were discharge
driven.
Regressions of relative condition factor (Kn) and biomass of O. hasselti (N = 960)
on principal components (PC) were Kn = 102.19 + 4.09 PC2 + 1.10 PC3 (adjusted
R2=0.0365) and Biomass = 19.83 -1.98 PC1 (adjusted R2=0.0440), respectively. These
results indicated that relative condition factor (Kn) was more associated with PC2 than to
PC3, whereas associations of PC1 were not significant (α = 0.15). Based on the
correlation matrix in the principal component analysis, PC2 was correlated strongly only
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to ortho-phosphate. Conversely, the biomass regression indicated that only PC1 had
association effects on biomass, and that associations of PC2 and PC3 were not significant
(α = 0.15). Based on the correlation matrix in the principal component analysis, PC1 was
correlated strongly to water transparency (r = 0.8597), Qexact (r = 0.8594), Qb4
(r = 0.8516), conductivity (r = 0.8255), total dissolved solids (r = 0.8229), nitratenitrogen (r = 0.8148) and seston (r = 0.5895). Overall, these regressions could only be
used as a guide in understanding the effects of serial discontinuity systems as their
strength (i.e., the r-values) were very low. These low r-values were probably related to
the fact that direct correlations between relative condition factor and biomass, and in-situ,
nutrient and seston parameters were weak and may be negligible (Table 3.1).
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Table 3.1

Pearson correlation coefficient (r) between environmental [i.e., surface area
(km2) and forest area (%)] and hydrology characteristics [i.e., Qmean (m3)],
and in-situ, nutrients, seston, fish assemblages [i.e., total catch, b-values and
relative condition factor (Kn)] and biomass parameters based on data
collected from July 2009 – December 2010 from the Perak River, Malaysia.
Relative
condition
factor
(Kn)

Fish
biomass

-0.42

-0.03

0.06

Environmental variables

Water temperature
(°C)
Conductivity
(µS/cm)
Total dissolved
solids (mg/L)
Water transparency
(cm)
Ortho-phosphate
(mg/L)
Nitrate-nitrogen
(mg/L)

Surface area
(km2)

Forest area
(%)

0.91

meanQ

-0.31

-0.76

0.37

-0.19

-0.04

-0.44

-0.82

0.41

-0.17

-0.05

0.59

1.00*

-0.94

0.20

0.07

0.11

0.09

-0.52

0.02

0.03

-0.53

-0.98*

0.99

0.21

-0.07

Seston (mg/L)

-0.44

-0.95*

0.99

0.23

-0.07

Total catch

0.97*

0.68

-0.51

b-value

0.06

0.58

-0.95

Relative condition
factor (Kn)

-0.05

0.02

-0.31*

Fish biomass

0.05

0.37

-0.06

Note: Correlation box between forest area (%) and water temperature (°C) was shaded
due to its meaningless value that the water temperature was in fact representing the
epilimnion layer, which was not covered by any canopy. Values with ‘*’ indicates
significant level at α=0.05.
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Figure 3.1

Mean (± standard error) of water temperature (°C) in the Temengor, Bersia,
Kenering and Chenderoh systems of the Perak River, Malaysia based on
data recorded from July 2009 – December 2010.

Figure 3.2

Mean (± standard error) of conductivity (µS/cm) in the Temengor, Bersia,
Kenering and Chenderoh systems of the Perak River, Malaysia based on
data recorded from July 2009 – December 2010.
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Figure 3.3

Mean (± standard error) of total dissolved solids (mg/L) in the Temengor,
Bersia, Kenering and Chenderoh systems of the Perak River, Malaysia
based on data recorded from July 2009 – December 2010.

Figure 3.4

Mean (± standard error) of water transparency (cm) in the Temengor,
Bersia, Kenering and Chenderoh systems of the Perak River, Malaysia
based on data recorded from July 2009 – December 2010.
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Figure 3.5

Mean (± standard error) of ortho-phosphate (mg/L) in the Temengor,
Bersia, Kenering and Chenderoh systems of the Perak River, Malaysia
based on samples analyzed from July 2009 – December 2010.

Figure 3.6

Mean (± standard error) of nitrate-nitrogen (mg/L) in the Temengor,
Bersia, Kenering and Chenderoh systems of the Perak River, Malaysia
based on samples analyzed from July 2009 – December 2010.
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Figure 3.7

Mean (± standard error) of seston (mg/L) in the Temengor, Bersia,
Kenering and Chenderoh systems of the Perak River, Malaysia based on
samples analyzed from July 2009 – December 2010.

Figure 3.8

Total number of species and families in the Temengor, Bersia, Kenering
and Chenderoh systems of the Perak River, Malaysia based on data
recorded from July 2009 – December 2010.
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Figure 3.9

Shannon-Wiener diversity and evenness indices in the Temengor, Bersia,
Kenering and Chenderoh systems of the Perak River, Malaysia based on
data recorded from July 2009 – December 2010.

Figure 3.10

b-values of O. hasselti from weight-length relationship (W=aLb, where
W=weight of fish; L=length of fish and a and b are constants) in the
Temengor, Bersia, Kenering and Chenderoh systems of the Perak River,
Malaysia based on data recorded from July 2009 – December 2010.
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Figure 3.11

Mean (± standard error) of relative condition factor of O. hasselti -T14 in
the Temengor, Bersia, Kenering and Chenderoh systems of the Perak
River, Malaysia based on data recorded from July 2009 – December 2010.

Figure 3.12

Mean (± standard error) of relative condition factor of O. hasselti -T15 in
the Temengor, Bersia, Kenering and Chenderoh systems of the Perak
River, Malaysia based on data recorded from July 2009 – December 2010.
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Figure 3.13

Mean (± standard error) of fish biomass of O. hasselti -T14 in the
Temengor, Bersia, Kenering and Chenderoh systems of the Perak River,
Malaysia based on specimens analyzed from July 2009 – December 2010.

Figure 3.14

Mean (± standard error) of fish biomass of O. hasselti -T15 in the
Temengor, Bersia, Kenering and Chenderoh systems of the Perak River,
Malaysia based on specimens analyzed from July 2009 – December 2010.
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Figure 3.15

40

Mean water temperature (°C) by season and river km from river km 00 in the Temengor system to river km 142 in
the Chenderoh system. T = Temengor Dam, B = Bersia Dam, K = Kenering Dam, and C = Chenderoh Dam.

Figure 3.16

Mean (± standard error) of conductivity (µS/cm) before and after the Rui
River convergence in the Kenering system based on data recorded from
July 2009 – December 2010 from the Perak River.

Figure 3.17

Mean (± standard error) of total dissolved solids (mg/L) before and after
the Rui River convergence in the Kenering system based on data recorded
from July 2009 – December 2010 from the Perak River.
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Figure 3.18

Mean (± standard error) of seston (mg/L) before and after the Rui River
convergence in the Kenering system based on data recorded from July 2009
– December 2010 from the Perak River.

Figure 3.19

Mean (± standard error) of seston (mg/L) before and after the Kendering
River convergence in the Kenering system based on data recorded from
July 2009 – December 2010 from the Perak River.
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Figure 3.20

Redundancy analysis (RDA) based on data recorded in the four systems of
the Perak River, Malaysia from July 2009 – December 2010 between
relative condition factor (Kn) and fish biomass [dry weight (DryW)] of O.
hasselti, and dam discharge variables [dam discharge on the exact sampling
date (Qexact), dam discharge one day before sampling date (Qb4) and
mean dam discharge 30 days before the sampling date (meanQ30)].
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Figure 3.21

Redundancy analysis (RDA) based on data recorded in the four systems of
the Perak River, Malaysia from July 2009 – December 2010 between
relative condition factor (Kn) and fish biomass [dry weight (DryW)] of O.
hasselti, and in-situ parameters [water temperature (T), conductivity
(COND), total dissolved solids (TDS) and water transparency (Secchi)],
nutrient [ortho-phosphate (PO4) and nitrate-nitrogen (NO3)] and seston
(Sesmgl)
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CHAPTER IV
DISCUSSION

The theme of this study was to determine effects of dams positioned in series
along a Malaysian river on in-situ, nutrient, seston and fish assemblage characteristics,
and also to verify whether these effects follow the Serial Discontinuity Concept (SDC)
(Figure 1.1) as suggested by Ward and Stanford (1983), or one of its conceptual
evolutionary congeners [e.g., Cascading Reservoir Continuum Concept (CRCC): Barbosa
et al. 1999]. In light of the fact that the SDC is still in development, the authors
themselves have petitioned for improvements, authentication, and even disagreement as
the model is refined.
The original SDC model was developed based on general characteristics of river
ecosystems in the eastern part of North America. However, from a conceptual basis, it
may be applicable in tropical regions because it incorporates river continuum (Vannote et
al. 1980) and nutrient spiraling hypotheses (Webster and Patten 1979), which are transregional concepts in aquatic ecology.
My goal was to evaluate the extent to which the SDC may relate to a highly
developed river-reservoir system in Malaysia and whether other models are more
appropriate or should be developed. In this regard, I determined through this study that
trends along the continuum of the Perak River impoundments reflected a blend of the
SDC and CRCC models but with more adherence to the SDC. The conceptual and
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functional juxtaposition of the Perak River between these two concepts shifts depending
on two primary influences that are specific to each of the dam-reservoir complexes along
the continuum: (1) distance between dams in series and (2) contributions from tributary
streams. In both regards watershed influences are reflected [per the River Continuum
Concept (RCC) Vannote et al. 1980]. Superimposed over all of these concepts and
models, is flow regime through riverine sections of the system as established by
discharge programs from each of the dams.
Regardless of dam type or purpose, an impounded system will inevitably affect
downstream natural flow (Brandt 2000). Depending on the specifics of dam discharge
management, altered flow regimes will affect in-stream ecological processes (Ward and
Stanford 1983, 1995a; Ligon et al. 1995; Imbert and Stanford 1996; Poff et al. 1997;
Brown and Ford 2002). This was certainly the case in the Perak River. Variability in
data in downstream riverine sections reflected different discharges from the immediate
upstream dam during sampling periods throughout this study. For example, seston and
nitrate concentrations were high during periods of elevated discharge and low during
reduced discharges or minimal flows. This pattern can be attributed more to stream bank
and river bed erosion in the tailwater reaches than to aspects of the reservoir water being
discharged because the reservoirs typically had low concentrations of seston (including
plankton) and low nitrate levels relative to riverine sections of the system. Additionally,
in the Rui River (a principal tributary of the Perak River), seston and nitrates were greater
than in the reservoirs upstream and downstream from the confluence, and greater than in
tailwater below Bersia Dam. The Rui River entered the Perak River approximately 6 km
below Bersia Dam, sufficient distance downstream for the major effects of discharge
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from the dam to have dissipated. But even the influence of the tributary was short lived,
with conditions downstream from the tributary returning to ambient mainstream
condition typically within 1 km below the confluence.
4.1

In-situ variables, nutrients and seston
My study revealed that dams placed in series along Malaysian river may be

associated with aquatic ecosystem functional characteristics. However, only water
temperature within the Bersia and Kenering systems depicted consistent trends as
suggested by the SDC (Figure 3.15).
Temperature is a function of radiant energy that comes from outside of the aquatic
system (i.e., the sun). Stable surface areas encourage energy transfer as heat. In tropical
reservoirs with thermal strata, hypolimnetic discharge through a dam is colder than the
ambient temperature. Heating occurs to establish downstream equilibrium, following the
second law of thermodynamics (Giancoli 2009) through convection, conduction,
advection and mixing processes (Poole and Berman 2001). These processes gradually
increase water temperature downstream. When the water approaches the more lentic
environment of a receiving reservoir downstream the flow diminishes and the more
stagnant water column becomes susceptible to longer heating periods. Because this
heating process is a ubiquitous physical phenomenon, trends regarding water temperature
in systems having serial dams with hypolimnetic discharge tend to validate the serial
discontinuity concept during the summer in temperate regions, and throughout the year in
tropical regions.
Even though only the Bersia and Kenering systems depicted the serial
discontinuity trend in terms of temperature, that doesn’t mean that similar trends were
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absent in the Temengor and Chenderoh systems. The entire 26 km stretch of the
Temengor system is a lentic environment. However, there is flow through the system as
it transitions from lotic to lentic characteristics. Conversely, the Chenderoh system,
because it is such a small reservoir system (i.e., the final 4 km of the 46 km below
Kenering Dam), was unable to fully transition into a lentic environment.
Hydrology, channel and basin morphology and operational characteristics of the
dams determined the dynamics of in-situ parameters, nutrients and seston transport along
the Perak River. Physical characteristics and processes such as discharge, depth and
turbulence have long been known to have influences on water quality dynamics in rivers
(Leopold et al. 1964; Rauch et al. 1998; Poole 2010). From my study, the dynamics of
in-situ variables, nutrients and seston were likely associated with (i) location of water
intake for downstream supplies, (ii) hydrologic regime, (iii) tailwater and riverbed
materials, (iv) watershed characteristics, (v) submerged vegetation in the inundated area,
and (vi) tributary influences.
Location of water intake for downstream supplies is an important factor,
especially to systems that depend primarily on upstream systems for water supply. In a
hypolimnetic discharge system, besides cooler water temperatures, other characteristics
such as anoxic water, and re-suspended particulate matter (and associated pollutants) can
be transported from the reservoir into the receiving tailwater (Petts 1984; Jansson and
Erlingsson 2000; Shantz et al. 2004). These characteristics may be lethal to fishes
especially during early morning.
During my study, there were reports that hypolimnetic discharge below Temengor
Dam was lethal to its tailwater fishes. Fish kills such as this may be avoided if the
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respective tailwater receives exclusively water from the epilimnion (more oxygenated
water) of the upstream reservoir or a mixture of epilimnetic and hypolimnetic discharge.
Management programs sensitive to discharge effects on downstream biota can utilize
multiple water intakes located at different water layers. However, the intake locations
and designs in the epilimnion layer are a major concern for hydroelectric dam engineers
because any vortex created may put the dam, turbine and dam operators at risk, as well as
the downstream area and its residents.
In systems having multiple dams in series, the integrated hydrologic regimes are
major driving forces in regulating water quality (Stanford et al. 1996; Poff et al. 1997; Hu
et al. 2008). Together with channel characteristics (i.e., width, depth, and gradient),
hydrologic variables determine kinetic force or stream power, which is proportional to its
erosive and transportation potentials of mineral, nutrient, sediment and suspended
materials. Such associations were revealed through correlation analysis in my study.
In Malaysia’s hydroelectric dams, water is typically only released for
hydroelectric power generation on a daily or weekly basis (Asfaw and Hashim 2011).
Such flow regimes can cause dramatic fluctuations in downstream water levels and
discharges (Petts 1984; Miranda 2001). During shutdown periods, downstream riverine
areas are subject to dewatering except in the thalweg and pools. Such conditions are
common in the Temengor, Bersia and Kenering tailwaters. During such times, stream
power is reduced. This results in high deposition and low erosive and transportation
potentials. Even though these riverine areas may almost dry up, tributary discharges, if
present, ensure some continuous flow through the system. Indirectly, it is during such
situations that a tributary likely has its greatest influence on the mainstem system. To
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fishes, these reduced flow conditions could also be the best times to navigate upstream
without having to resist strong currents produced by dam discharges.
During discharge periods, tailwater and riverbed materials play important roles in
determining downstream water quality. Boulders, bedrock and large woody debris in the
tailwater and downstream riverine areas create turbulence that can increase
concentrations of dissolved oxygen in the water (Merril 2002). Furthermore, boulders,
bedrock and large woody debris also function as impediments that reduce the stream’s
erosive capacity (Davie 2002). Besides reducing the stream’s erosive capacity, these
impediments also trigger deposition of sediments and the accumulation of finer organic
matter (Bilby and Bison 1998).
Conversely, in systems lacking significant in-channel obstructions, riverbed and
riverbank erosion may occur. The degree to which this occurs is a function of hydrology
coupled with channel bed material characteristics (Frissel et al. 1986; Cobb et al. 1992;
Newbury and Gaboury 1993; Bunn and Arthington 2002). Materials such as sand,
minimally compacted soil, and silt are susceptible to erosion and subsequently can
increase sediment and suspended materials in the water column. Vegetation, both aquatic
and terrestrial, along and within river channels, tends to reduce the erosion effects. The
river’s erosive power will continue to exert its influence along the riverine gradient until
it reaches the downstream lentic system. In the lentic system, the river’s erosive power
subsides and is taken over by wind-induced waves on littoral areas. As in riverine
environments, vegetation in the littoral area can reduce bank erosion (Miranda 2001).
Interactions among dam discharge, river gradient, channel substrate
characteristics, vegetation (aquatic and bankside), and wind can influence water
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transparency, and transport of nutrients, minerals and sediments (Creed and Band 1998;
Archer and Newson 2002; Ahearn et al.2004; Ensign and Doyle 2006; Wollheim et al.
2006; Arp and Baker 2007). While erosion and sediment transport take place, minerals
and nutrients from the eroded and suspended materials will be dissolved in the water,
depending on (i) available amount for absorption, (ii) absorption rate, (iii) water
replacement rate, and (iv) rate that minerals, nutrients or elements decay into water
soluble forms (Hashim 2006).
Besides riverine materials, minerals and nutrients from the watershed area also are
associated with downstream water quality. Watershed associations become greater
during the wet season via surface runoff and groundwater leachate (Davie 2002).
However, the relation between precipitation and surface runoff is complex and influenced
by various storm and basin characteristics (Viessman and Lewis 1996). In my study,
watershed associations were evident. As forest area decreased, minerals, nutrients and
seston increased, suggesting that minerals, organic matter and nutrients were lost as a
result of land use changes (Mander et al. 1998; 2000).
Tributaries may serve other important functions. In fact, they may strongly
associate with the dynamics of in-situ variables, nutrients and seston throughout the
Perak River system by transporting water and its contents from watersheds to the
integrated river ecosystem. Subsequently, and regardless of size, each tributary
influenced its portion of the system even though the influences may not have been
statistically significant. Tributaries have hydrochemistry properties that are influenced
by the same factors that influence tailwaters except (i) source of water is the watershed,
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not an upstream reservoir, and (ii) it may lack the same proportional amount of
submerged vegetation that the reservoir may have.
In my study, the Rui River was the best example of tributary associations on a
water body’s in-situ variables and seston, and underscored the role of tributaries as
transport systems (sensu Alexander et al. 2000; Peterson et al. 2001). Based on
topographic maps and personal observations of the Rui River’s watershed, I noted
logging activities and extensive areas of the watershed that had been converted into
roadways. Precipitation and runoff across unprotected logged areas (including riparian
zone), flushed nutrients and sediments from the logged and cleared areas into the river
(sensu McClain et al. 1998; Downes et al. 2002). There also was soil erosion along the
river banks as a result of increased water velocity in the river (Figure 4.1). As a result, I
was able to detect changes in environmental characteristics downstream from the Rui
River’s confluence with the Perak River.
In a reservoir system, especially in a multiple cascading reservoir system, instream processes and watershed associations may not be the only determinants of in-situ
variables and nutrient and seston transport dynamics. Submerged vegetation in the
inundated area may also play a role. These vegetation influences may not be direct but
rather manifest themselves through detrivorous pathways.
A case in point is that of submerged tree trunks in reservoirs. Even though
submerged in water, dead tree trunks are still vulnerable to decomposition processes and
also serve as substrate for periphyton. Periphyton is a critical food resource for fish
species such as the bonylip barb (O.hasselti), which was the selected indicator fish
species for my study. Through these processes, minerals and nutrients in the dead tree
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trunks are recycled as suggested in the nutrient spiraling hypothesis (Webster and Patten
1979). Abundance of these submerged dead trees in reservoirs of the Perak River system,
coupled with nutrient spiraling processes, may well overshadow tributary associations in
terms of biological production.
4.2

Fish assemblages and biomass
Dam construction in a riverine area forces aquatic organisms to adapt to the new

lacustrine environment. Relative to the River Continuum Concept (Vannote et al. 1980),
these changes can be seen as a ‘reset’ to aquatic organism distribution to conform to the
new riverine-lacustrine habitat and energy gradients. In terms of the Flood Pulse Concept
(Junk et al. 1989; Tockner et al. 2000; Junk and Wantzen 2004), these changes may be
beneficial or at least tolerable to some species in terms of habitat, breeding area and food
sources, whereas for other species these changes may be intolerable, especially to the
water’s new physical characteristics (e.g., dissolved oxygen, water temperature, water
velocity).
Intolerant fish species may move upstream to inhabit riverine areas. If tributary
or upstream mainstem river environments are lacking or unsuitable, fishes and other biota
dependent on specific lotic environments may not be able to persist. They may
eventually even become threatened or endemically extinct. In this regard, dams are a
contributing factor to the decline of aquatic biodiversity worldwide (Allan and Flecker
1993; Marchant and Hehir 2002; March et al. 2003; Fukushima et al. 2007).
By damming a river, the upstream and downstream areas become fragmented
(Dynesius and Nilsson 1994), and fish movements can become restricted to specific
reaches (Joy and Death 2001; Morita and Yamamoto 2002; Cumming 2004). The
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number of fish species in a fragmented system depends on species extant along the
mainstem during dam construction. Consequently, in a river with multiple dams in
series, and particularly in integrated systems lacking fish passageways, the order of dam
construction and their positions along the river continuum determine fish assemblage
composition.
As species adapt to the new environment, success is determined by the respective
species’ original abundance, its degree of fitness to the new environmental conditions,
and its tolerances (euryceousness). These are ultimately reflected in fish assemblage
variables (e.g., catch rates, number of species and families recorded, fish diversity and
evenness indices). This is true especially for non-migratory fishes that may flourish in
the new lentic environment (Freidenburg 1998; Holmquist et al. 1998; Bunn and
Arthington 2002; Fukushima et al. 2007). In managed/developed systems, fish
assemblage characteristics and dynamics (e.g., natural mortality, fecundity, recruitment,
growth rate) can be strongly associated with human related factors such as fishing effort,
fishing gears and practices, stocking programs, and habitat degradation or enhancement.
Additionally, fish distribution within tropical reservoirs may differ from that of
natural tropical lakes. Riverine species tend to exploit for the most part only littoral areas
and thus are not distributed evenly throughout the reservoir (Ambak and Jalal 2006). For
example, in Kenyir Reservoir (located near the east coast of peninsular Malaysia), the
pelagic zone is virtually unoccupied because its fishes, such as Barbodes schwanenfeldii
(Bleeker 1853), are concentrated in littoral areas, areas which meet this species’ food and
reproductive requirements (Ambak and Jalal 2006). Similar phenomena were observed
in my study, and especially in littoral areas in the vicinity of headwater streams. This
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phenomenon is probably due to the fact that the fish species in these reservoirs are not
planktivores, do not take advantage of extant autotrophic production (Nelson 1965;
Welcomme et al. 1989; Cortes et al. 2002; Haxton and Findlay 2009), and subsequently
do not, and in fact cannot, exploit the pelagic area (Chong et al. 2010). However, the
similarities of the littoral areas to pool environments in headwater streams may help
explain reservoir habitat preferences for such riverine species.
Food sources in the littoral area may not necessarily be allochthonous even
though the fish species are not planktivores. In Malaysian reservoirs, O. hasselti feed
mainly on periphyton, insects and detritus (Yang 1988; Nurulnajwa 2004). The abundant
submerged dead trees in the Perak River reservoirs serve as organic matter sources for
detrivores, and as the substrate and medium for periphyton growth. Therefore, O.
hasselti does not necessarily have to depend on tributary discharges. Accordingly, I was
unable to detect trends regarding relative condition factor (Kn) and biomass of both T14
and T15 fishes of this species along the four systems.
My study revealed no significant differences in relative condition factor (Kn)
along the Perak River continuum. This suggested that the general well-being of O.
hasselti was similar among the four systems. Subsequently one would think that they
probably would have similar growth rates (i.e., b-values from the weight-length
relationship). However, b-values among the systems differed significantly (P<0.05),
which contradicts the earlier statement. This contradiction of statistical results between
relative condition factor (Kn) and b-values of the weight-length relationship can be
explained by the fact that the selected lengths for relative condition factor (Kn)
calculations were located at the intersection of the linearized regression lines. Perhaps
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different results would have been obtained if larger and/or smaller class lengths had been
used. Even though the growth rates of O. hasselti differed significantly among the four
systems, b-values were still within the range of 2.5 to 3.5, signifying approximately
isometric growth (Bagenal 1978; King 1996; Samat et al. 2008).
In the Perak River reservoirs, macro-scale environmental variables, such as
reservoir surface area and forest area, played significant roles in describing fish stock
characteristics. Strong positive correlation values between reservoir surface area and
forest area to total catch indicated that fish stock characteristics were enhanced in larger
reservoirs surrounded by forests. While larger areas of reservoirs may ease fish
movement from one headwater to another, forests provide nutrients, organic matter, food
sources and habitat heterogeneity, and little (if any) anthropogenic pollutants.
4.3

Integrating freshwater ecosystem concepts
Dams act as nutrient traps (Ryder 1978; Hess et al. 1982; Welcomme 1985). My

study has shown that it is possible to eliminate and reduce the cumulative influence of
these nutrient traps in serial river-reservoir systems. Mechanisms to achieve this end
should be implemented during dam planning and designing stages, and be framed with
the extant structure of social, economic and political values operative during decision
making processes.
Current paradigms for river-reservoir systems encompass seven major concepts:
(1) the River Continuum Concept (Vannote et al. 1980), (2) the Serial Discontinuity
Concept (Ward and Stanford 1983; 1995b; Stanford and Ward 2001), (3) the Flood Pulse
Concept (Junk et al. 1989; 2004), (4) the Nutrient Spiraling Concept (Webster and Patten
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1979), (5) the Link Discontinuity Concept (Rice et al. 2001), (6) the Cascading Reservoir
Continuum Concept (Barbosa 1999), and (7) the Allen Paradox (Allen 1951).
4.4

Proposing a new hypothesis of nutrient augmentation in tropical reservoirs
The above-mentioned concepts incorporate lateral and horizontal dimensions of

freshwater ecosystems. However, attention to vertical dimension in reservoir ecosystems
is missing. As I worked on this research, I began to realize that there likely are other
forces at play within the reservoirs that help to augment loss of nutrients. In this regard I
began to think about the potential contributions made by submerged dead tree trunks to
nutrient cycles. This aspect of reservoir ecosystem seems to have been missed, perhaps
ignored or considered unimportant, because none of the existing concepts mentions or
seeks to explain the association of submerged dead tree trunks in reservoirs.
Reasons for the missing component (i.e., the role of submerged dead tree trunks in
reservoirs) in current concepts are probably due to the fact that (1) the dams used in
formulating the concepts are located in relatively arid biomes with few trees in the basin,
or (2) the dam’s purpose requires clear-cut logging practices (Miranda 2001). In forested
areas, clear-cutting within the entire inundated area is probably influenced by the timber
revenue potential to the government or other official body under the orientation that it is
better to have the timber harvested rather than leave it to decay without any economic
benefit.
In forested areas, dam designers and associated decision makers may opt for
clear-cutting, selective cutting, or non-logging within the inundated areas (with the
exception of the immediate dam area where clear-cutting is necessary to protect the dam
from large woody debris threats) from the very beginning of dam designing and planning.
57

While the clear-cutting option results in a vegetation-free basin, selective cutting and
non-logging options result in the retention of residual vegetation (trees). Although
inundation slows decomposition processes, submerged trees may have substantial
association to the water body, especially in terms of nutrient dynamics, if relatively large
tracts (proportional to reservoir area) are left in the basin during reservoir filling.
In my study, nutrients such as ortho-phosphate and nitrate-nitrogen fluctuated
throughout the Perak River system (Figure 3.5 and Figure 3.6). Absence of decreasing
trends upstream to downstream suggests that there were sources for nutrient
compensation. Low values for standard error of means indicated similar fluctuations
within each system, which also indicates an absence of gradual dilution. Additionally,
insignificant tributary associations regarding ortho-phosphate and nitrate-nitrogen in all
four systems suggest that the nutrients must be compensated from a continuous source.
Absence of gradual nutrient dilution upstream to downstream strongly suggests
that nutrients come from within the reservoir. Nutrient spiraling and turnover from
aquatic biota (e.g., fishes, plankton) are not considered to be significant sources because
its slow turnover and greater uptake rates will not be able to replenish the system (Axler
et al. 1981; Kilham and Kilham 1990; Dodds and Whiles 2010). As the nutrients flow in
the food web, most will be lost to respiration, in accordance with the second law of
thermodynamics (Dodds and Whiles 2010). Therefore, the most likely source was
submerged dead tree trunks (Figure 4.2). Abundance of these dead tree trunks and their
slow decomposition processes via detrivorous pathways, seem to be sources of
compensating nutrients, perhaps over-shadowing dilution effects and preventing rapid
nutrient enrichment that could result in phytoplankton blooms.
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I therefore propose a hypothesis for freshwater ecosystems, one emphasizing the
contribution and functional role of submerged woody vegetation in nutrient dynamics of
reservoir ecosystems, and particularly regarding tropical reservoirs. This working
hypothesis is one suggesting that standing tree trunks and other woody materials in
inundated reservoir basins help compensate for nutrient loss within the reservoir (sensu
“The Serial Discontinuity Concept”), and subsequently help sustain the reservoir’s
biological productivity; and especially so in serial cascading reservoir systems. If the
hypothesis is affirmed, incorporating this conceptual framework into application (i.e.,
retention of trees within the basin during reservoir filling) would be a safe, natural and
maintenance-free approach to multidimensional stewardship of these inland aquatic
resources.
4.5

Malaysia reservoir fisheries: potentials and threats
In addition to hydroelectric power generation, flood control, and water storage,

reservoirs can be important as freshwater fisheries resources (Moreau and DeSilva 1991;
Petrere 1996; Fernando et al. 1998; Miranda 1999, 2001). This can be particularly
important in developing countries such as Malaysia where there are reservoirs such as
Temengor Reservoir, which is surrounded by relatively pristine forest reserves and
numerous headwater streams. In such reservoirs, nutrients from headwater stream and
terrestrial sources, in conjunction with underwater organic materials (e.g., inundated
trees), help ensure a functional food chain that is the foundation for the system’s
fisheries.
In 2009, freshwater fish landings were the smallest contributor [0.24% worth RM
94,248.00 (U.S.$ 31,000); RM = Ringgit Malaysia (Malaysian currency)] to Malaysian
59

fisheries with an overall value of RM 39.27 million (4,468.37 tones) (Malaysia
Department of Fisheries 2010). The production value however, includes all types of
freshwater fish production (e.g., pond, cage, earth, canvas, concrete and pen aquaculture)
and artisanal fisheries. Compared to FAO Fishstat 2010 (Welcomme et al. 2010),
Malaysia inland capture fisheries stands at 0.04%. These values indicate underdeveloped
or unproductive Malaysia freshwater fisheries, especially in lakes and reservoirs, since
the production is quite low, ranging from 1 kg ha-1 yr-1 to 90 kg ha-1 yr-1and declining
(Yap 1992; Baluyut 1999; Ambak and Jalal 2006). Low levels of fisheries production in
Malaysia lakes and reservoirs are probably due to a combination of habitat degradation
within watershed areas and overfishing (Khoo et al. 1987). However, and beyond
commercial fishing, there is great potential to utilized Malaysia’s reservoirs for tourism
and recreational fishing. Properly regulated, shifting focus from commercial fishing to
recreational fisheries on the country’s reservoirs could help control tendencies for
overfishing, particularly if local fishers were encouraged to participate in the logistics of
recreational fishing for the tourist industry (i.e., as fishing guides, staff for tourist
facilities).
Development of tourist-based recreational fisheries could also provide incentive
for protection of watersheds necessary to ensure good aquatic habitats. In Malaysia’s
relatively pristine forests, habitat degradation is highly correlated with logging activities.
Logging activities produce woody debris and an opened area with little if any earth cover
(i.e., grasses). These open areas are vulnerable to soil erosion during periods of high
precipitation (almost daily events) which collectively causes high flows, turbid water, and
transport of diverse materials, including woody debris, ultimately into the reservoirs.
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These processes not only destroy fish spawning areas but also food sources for fishes
(Chong et al. 2010). In Malaysia’s river-reservoir systems, such degradation affects lotic
as well as lentic fishes. Regarding the integrated river-reservoir system of the Perak
River, habitat degradation has been cited as one of the main reasons for the loss of six out
of nine commercial species (Khoo et al. 1987).
Even within the Temengor system, the most upstream of the reservoirs, effects of
habitat degradation via logging activities in the watershed are evident. Sediment and
woody debris deposition can be found in the Singor, Enam, Gadong, Kedah, Telang and
Chiong rivers, with the worst scenario in the Sara River. In the Telang River,
sedimentation is evident at its river mouth area. This river is also one of the spawning
grounds for Hampala macrolepidota and O. hasselti, two important recreational and
commercial species. In a study by Hashim (2006), the Enam and Telang rivers have lost
15 and 8 riverine fish species, respectively, primarily due to damage to one or more
environmental interaction pathways [i.e., temporal dimension (time required for biota to
complete their life cycle), longitudinal pathways (upstream to downstream), lateral
interactions and vertical interactions (Cowx and Welcomme 1998)]. Habitat degradation
is the reason for changes in fish assemblages in the Enam and Telang rivers.
Sedimentation, such as that occurring near the river mouth of the Enam and
Singor rivers, is seriously impacting Temengor Reservoir (Figure 4.3). Since river
mouths are transition zones between lotic and lentic environments, sediments tend to be
deposited in these areas during elevated flows. At these interfaces, there is often sandbar
development and the river mouth area may become extremely shallow, especially during
periods of low water levels. In the Enam and Singor rivers, this shallow water may
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prevent fish movement to upstream areas. Although difficult to achieve, this problem
might be solved by maintaining low water levels in the reservoir during the rainy season
so that the stream discharge and its kinetic power will transport the sediments to deeper
areas of the reservoir.
The vast area of pelagic zones having low fish abundance but good water quality
in the Temengor, Bersia, Kenering and Chenderoh systems suggest opportunity for
development of both recreational fisheries and aquaculture. The Perak Fisheries
Department, through its subsidiary agency, the Banding Inland Fisheries Center, has in
fact developed recreational fishing zones and commercial zones for aquaculture in
Temengor Reservoir. Currently, the development is focused on Oreochromis spp.
(tilapia) production. Besides aquaculture, the Banding Inland Fisheries Center is also
responsible for restocking fish species such as Tor tambroides, Mystus vittatus and B.
schwanenfeldii into Temengor Reservoir to increase fish production of principal species,
and to inspire recreational fishing.
4.6

Human dimensions
Human influences on river-reservoir systems do not end once dam construction is

completed and the system is operational. In fact, the human dimension of inland fisheries
in Malaysian reservoirs is one of the toughest challenges to deal with because it must
involve all stakeholders: local people, developers, resources managers, scientists,
politicians, each with potentially different interests and preferences.
In Malaysia’s Perak River system, TNB Hidro Sdn. Bhd. is the agency
responsible for managing the four hydroelectric dams. However, this agency has no
authority to make its own decisions (e.g., which dam or gate should be operated, and for
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how long). These decisions are made by the National Hydraulic Research Institute of
Malaysia (NAHRIM). TNB Hidro Sdn. Bhd. is only responsible for executing orders and
for dam maintenance.
Since hydroelectric dams along the Perak River have the primary purpose of
meeting the demand for electricity consumption, a focus on other resources (e.g.,
fisheries) needs further development. However, as human population increases (and
along with this increase are expectations for higher standards of living), demands for
more electricity are inevitable (Miranda 2001). The inability of a hydroelectric power
plant to meet the demands may lead to more hydroelectric power plant construction,
which in turn may lead to more ecological issues, risks and threats. This has the potential
of generating intense bio-political controversy such as those associated with the Three
Gorges Dam in China (Park et al. 2003) and the Bakun Dam in Malaysia (in construction)
(Hezri and Hasan 2006). Not only do such major dam construction projects involve
ecological issues, they also must address cultural and demographic issues such as resident
relocation programs (Pearce 1995).
Furthermore, dam discharge management in Malaysia uses multi-tiered
authorization, with tiers determined by the reservoir’s water level. This multi-tiered
authorization is used in the Muda Agricultural Irrigation Scheme, located in the state of
Kedah. It is comprised of Muda, Pedu and Ahning reservoirs. For integrated irrigation
and domestic purposes, dam discharge is managed by the Muda Agricultural
Development Authority (MADA; subsidiary agency of the Kedah state government).
When discharge is necessary but reservoir levels are below storage pool, authorization for
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dam discharge shifts from MADA to the state’s chief minister, and even to the federal
level minister of natural resources.
Critical to the evolution of integrated management and stewardship of Malaysia’s
reservoirs is recognition of opportunities for enhancing (or at least protecting) aquatic
fauna, including exploitable fisheries resources. In this light, if fisheries managers and
ecologists were included as members of the assemblage of decision makers, synergism to
the benefit of a broader spectrum of Malaysia’s citizens would result.
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Figure 4.1

Typical color of water discharge and bank erosion in the Rui River, Perak,
Malaysia facing downstream (top), and upstream (bottom) from the same
location.
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Figure 4.2

Examples of submerged dead tree trunks at two different locations in the
Temengor Reservoir, Perak, Malaysia.
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Figure 4.3

Sedimentation effects due to sediment transport in the Enam River (top)
and logging activity in the Singor River watershed (bottom) in Temengor
Reservoir, Perak, Malaysia.
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CHAPTER V
CONCLUSION

Dam construction in a river system, regardless of its purpose(s) will inevitably
affect the downstream natural hydrologic regime and in-stream ecological processes. A
study of serial dam influences on a river system not only enhances understanding of
fragmented systems and their influences’ magnitude and mechanism, but also knowledge
on the ‘settings’ either by the nature and/or by decisions made by humans that may be
beneficial to reduce the unfavorable effects in the existing systems, and also for future
dam development worldwide.
In this study, the integrated influences of discontinuity and cascading on nutrient
and seston transport dynamics and fish assemblages (except for relative condition and
biomass of O. hasselti) interacted in juxtaposition along the continuum of four dams in
serial arrangement on Perak River. Principal tributaries along the four serial dams in the
Perak River appeared to have little association on their respective system’s nutrient and
seston dynamics. Even though there were significant differences between above and
below the convergence in the Rui and Kendering rivers, the associations only extended a
few kilometers, and were subject to dilution effects from mainstem discharges. Reversal
of serial discontinuity trends were only observed in the Kenering system, primarily with
respect to conductivity, total dissolved solids and seston from Rui River discharge.
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The associations of macro-scale environmental and hydrology features (forested
watershed and reservoir area) on nutrient and seston transport dynamics and fish
assemblages along the four serial dams in the Perak River were evident. However,
evidence suggests that neither relative condition or biomass of O. hasselti at lengths of
T14 and T15 were related to dam discharge characteristics.
It is hypothesized that submerged woody vegetation in the four systems may be
responsible for reduction/compensation of cumulative associations of the dams on
nutrient and seston transport dynamics and fish assemblages, and may in fact augment
influences of serial dams on stock characteristics of O. hasselti. This hypothesis will
require studies for affirmation.
Temengor, Bersia, Kenering and Chenderoh reservoirs provide aquaculture and
recreational fishery potentials in addition to resources supporting artisanal fisheries.
However, these potentials depend on proactive and integrated stewardship of the
surrounding forests, headwater and tributary streams, and the respective reservoir’s
surface area.
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APPENDIX A
LOCATION OF STUDY AREA AND SAMPLING POINTS

82

Figure A.1

Malaysia map: peninsula Malaysia (on the left) and east Malaysia (Sabah
and Sarawak on the right) [adapted from (accessed on December 7th,
2012): http://www.nationsonline.org/oneworld/map/malaysia_map.htm].
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Figure A.2

Location of Perak State, Perak River and the four dams (along the Perak
River) in peninsula Malaysia [map of peninsula Malaysia was adapted and
modified from (accessed on December 7th, 2012):
http://www.malaysiavacationguide.com/malaysiamap.html].
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Figure A.3

Location of sampling points (black dots) in the Temengor, Bersia and
Kenering systems along the Perak River, Malaysia.
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Figure A.4

Location of sampling points (black dots) in the Chenderoh system along
the Perak River, Malaysia.
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APPENDIX B
IN-SITU, NUTRIENTS AND SESTON TRENDS (MEAN VALUES) BY SEASON
AND RIVER KM ON THE PERAK RIVER, MALAYSIA

87

88

Figure B.1

Mean values of conductivity (µS/cm) by season and river km from river km 00 in the Temengor system to river km
142 in the Chenderoh system based on data recorded from July 2009 – December 2010 on the Perak River,
Malaysia. T = Temengor Dam, B = Bersia Dam, K = Kenering Dam, and C = Chenderoh Dam.
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Figure B.2

Mean values of total dissolved solids (mg/L) by season and river km from river km 00 in the Temengor system to
river km 142 in the Chenderoh system based on data recorded from July 2009 – December 2010 on the Perak River,
Malaysia. T = Temengor Dam, B = Bersia Dam, K = Kenering Dam, and C = Chenderoh Dam.
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Figure B.3

Mean values of water transparency (i.e., Secchi disc depth; in cm) by season and river km from river km 00 in the
Temengor system to river km 142 in the Chenderoh system based on data recorded from July 2009 – December
2010 on the Perak River, Malaysia. T = Temengor Dam, B = Bersia Dam, K = Kenering Dam, and C = Chenderoh
Dam.
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Figure B.4

Mean values of ortho-phosphate (mg/L) by season and river km from river km 00 in the Temengor system to river
km 142 in the Chenderoh system based on samples analyzed from July 2009 – December 2010 on the Perak River,
Malaysia. T = Temengor Dam, B = Bersia Dam, K = Kenering Dam, and C = Chenderoh Dam.
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Figure B.5

Mean values of nitrate-nitrogen (mg/L) by season and river km from river km 00 in the Temengor system to river
km 142 in the Chenderoh system based on samples analyzed from July 2009 – December 2010 on the Perak River,
Malaysia. T = Temengor Dam, B = Bersia Dam, K = Kenering Dam, and C = Chenderoh Dam.
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Figure B.6

Mean values of seston (mg/L) by season and river km from river km 00 in the Temengor system to river km 142 in
the Chenderoh system based on samples analyzed from July 2009 – December 2010 on the Perak River, Malaysia.
T = Temengor Dam, B = Bersia Dam, K = Kenering Dam, and C = Chenderoh Dam.

APPENDIX C
FISH ASSEMBLAGE DATA
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Table C.1

Family

List and abundance of fish species based on catch in all four systems [i.e.,
Temengor (T), Bersia (B), Kenering (K), and Chenderoh (C)] from July
2009 – December 2010 using experimental gill nets (250 cm vertical length
× 2976 cm total width) with five different stretch mesh sizes (10 cm, 7.5 cm,
6.5 cm, 5 cm, and 3.7 cm).
Species

T

Bagridae

Hemibagrus nemurus
Mystus castaneus
Channidae
Channa striata
Channa micropeltes
Cichlidae
Cichla ocellaris
Oreochromis spp.
Cyprinidae
Labiobarbus fasciatus
Labiobarbus leptocheilus
Labiobarbus festivus
Osteochilus melanopleurus
Tor spp.
Chela anomalura
Barbonymus gonionotus
Barbonymus schwanenfeldii
Thynnichthys thynnoides
Poropuntius deauratus
Rasbora sumatrana
Osteochilus vittatus
Hampala macrolepidota
Mystacoleucas marginatus
Cyclocheilichthys apogon
Puntioplites bulu
Osteochilus hasselti
Eleotridae
Oxyeleotris marmoratus
Mastacembelidae Mastacembelus erythrotania
Nandidae
Pristolepis fasciata
Notopteridae
Chitala chitala
Notopterus notopterus
Osphronemidae
Osphronemus goramy
Trichogaster trichopterus
Pangasiidae
Pangasius hypophthalmus
Tetraodontidae
Tetraodon spp.
Total number of individuals
Total number of species
Total number of families
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B

K

11
4
6
9
2

12
47

73

82

10

10
1
184
6
1
1

6
6
8

C
3
3
1
1
89
4
17
1

8
10
96
104
2
12
23

289
132
254

43
1
197

426
7

120
7

43

28

15
1

16
4

58
33
138
1
2
2
5
4
2

1465
19
8

1
598
17
7

619
24
8

1
4
1
1
4
2
8

2
95
4
1
16
2
108
28
279
14
14
7
3
3
1
598
22
9

Total
catch
27
58
8
21
6
2
252
4
27
1
1
198
18
205
109
1
3
12
371
135
617
61
963
29
2
87
5
42
10
3
1
1
3280
32
11

